Internal drug states/cues can impact drug taking, as pretreatment with a moderate to high alcohol dose (i.e., loading dose) can decrease subsequent alcohol self-administration, alcohol-seeking, and relapse-like drinking. The insular cortex (IC) is implicated in processing information about internal states and findings show that silencing the IC and its projections to the nucleus accumbens core (AcbC) enhance sensitivity to the interoceptive effects of alcohol. Therefore, the goal of the present work was to determine the functional role of IC-AcbC projections in modulating the effects of alcohol pretreatment on operant alcohol self-administration. Long-Evans rats were trained to self-administer a sweetened alcohol solution (15% alcohol (v/v) + 2% sucrose (w/v)) and on test sessions received pretreatment with an alcohol loading dose. A chemogenetic strategy (i.e., hM4D Designer Receptors Exclusively Activated by Designer Drugs [DREADDs]) was implemented to silence the ICAcbC projections and test the functional role of the insular-striatal circuitry in regulating self-administration following the alcohol loading doses. Alcohol self-administration decreased following pre-session treatment with alcohol, confirming titration of alcohol drinking following a loading dose of alcohol. Chemogenetic silencing of IC-AcbC projections decreased alcohol self-administration under baseline conditions (i.e., water loading dose) and the reduction in self-administration of an alcohol loading dose, implicating a role for this circuit in the maintenance of alcohol self-administration and suggesting increased sensitivity to the alcohol loading dose. These findings provide evidence for the critical nature of insular-striatal circuitry in ongoing alcohol self-administration, and specifically in relation to interoceptive/internal cues that can impact alcohol drinking.
Introduction
An important consideration when investigating the neurobiological mechanisms underlying alcohol use are the unique interoceptive/subjective (i.e., discriminative stimulus) effects produced by the pharmacological effects of alcohol, as such cues can serve as internal drug states/cues to impact alcohol-taking, seeking, and relapse [1] [2] [3] [4] . Numerous preclinical and clinical studies have demonstrated that pretreatment with a low alcohol dose can prime alcohol-related behaviors, by inducing craving, promoting relapse, and leading to additional or increased alcohol consumption [5] [6] [7] [8] [9] [10] [11] . Conversely, pretreatment with a moderate to high alcohol dose (i.e., loading dose) can decrease alcohol self-administration, alcohol-seeking, and relapse-like drinking, likely related to processes such as satiation [12] [13] [14] . Together, these studies demonstrate the titration of alcohol drinking and seeking behaviors relative to the interoceptive effects produced by alcohol pretreatment. As such, the present work investigates the underlying neurobiological circuitry modulating the effects of alcohol pretreatment (i.e., alcohol loading dose) on alcohol self-administration.
The focus of the present study are the projections from the insular cortex (IC) to the nucleus accumbens core (AcbC; IC-AcbC), two regions previously implicated in modulating the interoceptive effects of alcohol [15] and alcohol self-administration [16] . The IC is proposed to integrate internal and external stimuli into interoceptive states to drive motivated behavior [17, 18] , and is implicated in modulating drug selfadministration, reinstatement, and seeking behavior [19] . The AcbC is proposed to play a central role in modulating the interoceptive effects of alcohol [20] [21] [22] [23] [24] and alcohol self-administration [25, 26] . As such the insular-striatal circuit is implicated in modulating goal-directed behavior in conditions under interoceptive control [15] , such as drug selfadministration [16] .
The goal of the present work was to test the functional role of ICAcbC projections in modulating the effects of an alcohol loading dose on maintenance of ongoing operant alcohol self-administration. As such, male Long Evans rats were trained to self-administer a sweetened alcohol solution and a chemogenetic strategy (i.e., hM4D Designer Receptors Exclusively Activated by Designer Drugs [DREADDs] ) was implemented to silence the IC-AcbC projections and test the functional role of the insular-striatal circuitry in regulating self-administration following alcohol loading doses. Given that chemogenetic silencing of these regions and projections increases sensitivity to alcohol [22] and decreases alcohol self-administration [16] , we hypothesized that chemogenetic silencing of these projections to the AcbC, would potentiate sensitivity to an alcohol loading dose an effect resulting in decreased alcohol self-administration. Given the role of interoceptive effects as potent modulators of drug-related behaviors, understanding the circuitry of these internal cues and their functional role in modulating selfadministration is important to better understand the neural mechanisms driving drug taking.
Materials and methods

Animals
Male Long Evans rats (n = 23; Harlan Sprague-Dawley, Indianapolis, IN, USA) were double housed, in ventilated cages. Following cannulae implantation surgery rats were individually housed. Water and food were available ad libitum in the home cage. The colony room was maintained on a 12-h light/dark cycle, with lights on at 07:00. All experiments were conducted during the light cycle. Animals were under continuous care and monitoring by veterinary staff from the UNC Division of Comparative Medicine. All procedures were carried out in accordance with the NIH Guide to Care and Use of Laboratory Animals and institutional guidelines, and approved by the UNC Institutional Animal Care and Use Committee.
Viral vectors
hM4D-DREADDs (AAV8-hSyn-DIO-hM4D i -mCherry; UNC Vector Core, Chapel Hill, NC, USA [lot #4980H]) or mCherry-Control (AAV8-hSyn-DIO-mCherry; UNC Vector Core, Chapel Hill, NC, USA [lot#4981CD]) previously described by [27, 28] were expressed through combination with Cre recombinase (AAV8-CMV-Cre-GFP; Vector Biolabs, Malvern, PA, USA or Addgene, Cambridge, MA, USA) in a ratio of 7:3 (v/v). The combination of viral vectors (DREADD + Cre or mCherry + Cre) were bilaterally infused into the IC (2 μl/side; AP +3.2 mm, ML ± 4.0 mm, DV −6.0 mm from skull; [29] , as we previously report [15, 16] . We have previously confirmed projections from the IC to AcbC at these coordinates [15] ; however, it is important to consider that there is likely anatomical overlap with the orbitofrontal cortex [30] . This injection volume was selected based on a previous rat study that infused hM4D DREADDs into the IC (albeit at a volume of 3 μl/side; [31] ), and on previous studies in our lab [15, 16] . This volume was necessary to ensure effective DREADD expression and is likely related to our approach in which two AAV viruses (i.e., DREADD + Cre) are co-administered [32] .
Surgical procedures
Site-specific microinjections were delivered by a microinfusion pump (Harvard Apparatus, Holliston, MA, USA) through 1.0 μl Hamilton syringes (Hamilton Robotic, Reno, NV, USA) connected to injectors (Plastics One, Roanoke, VA, USA) as described in [15, 16, 22] . For viral vector delivery, rats were anesthetized with isoflurane/oxygen combination and received bilateral microinjection of viral constructs into the IC through 33-gauge injectors at a 0.2 μl/min flow rate across 10-min. The injector was left in place for 10 min following the end of the 10 min infusion, as these are important strategies to further limit the spread of the viral injection [32] . In a separate surgery rats were also implanted with injector 26-gauge guide cannulae (Plastics One, Roanoke, VA, USA) aimed to terminate 2 mm above the AcbC (AP +1.7 mm, ML +1.5 mm, DV −6.8 mm from skull; [29] . Naproxen (10 mg/kg, IP) was administered after the surgeries and 24-h postsurgery to minimize discomfort. Rats had at least 7 days to recover between surgeries and training was withheld during recovery.
Behavioral training procedures
2.4.1. Self-administration training Rats were trained using the same two lever (i.e., active lever and inactive lever) chambers previously described in [12, 16, 33] . Self-administration sessions (30 min) took place 5 days/week (M − F) with active lever responses on a fixed ratio 2 (FR2) schedule of reinforcement such that every second response on the lever resulted in delivery of alcohol (0.1 ml) into a liquid receptacle. Responses on the inactive lever were recorded, but produced no programmed consequences. Locomotor activity was measured during the self-administration sessions by infrared photobeams that divided the behavioral chamber into 4 parallel zones. A sucrose fading procedure was used in which alcohol was gradually added to a 10% (w/v) sucrose solution. The exact order of exposure was as follows: 10% sucrose (w/v)/2% (v/v) alcohol (10S/ 2A), 10S/5A, 10S/10A, 5S/10A, 5S/15A, 2S/15A. There were one or two sessions at each concentration. Following sucrose fading, sweetened alcohol (2S/15A) was the reinforcer for the remainder of the study, as in our experience we find that the sweetened alcohol solution results in stable self-administration over time. Based on our previous findings using similar self-administration procedures, we typically observe moderate daily alcohol intake ranging from 0.5 to 1.0 g/kg [12, 16, 33] . Prior to or at the start of self-administration training, rats were infused with hM4D-DREADDs (n = 11). After approximately 1.5 months of self-administration training, animals received cannulae implantation surgery (followed by a week of recovery). Testing was only conducted following stable self-administration behavior, (i.e., defined as no change greater than 15% in the total number of responses during the session prior to testing). On the test days, rats received intra-AcbC infusion of CNO (0 or 3 μM/side) 5 min prior to an alcohol loading dose (0, 0.5, 1.0 g/kg, IG). 10 min later rats underwent a self-administration session. CNO microinjections were delivered through 33-gauge injectors that extended 2 mm below the bilateral AcbC cannulae at a volume of 0.5 μl/side across 1 min. The injectors remained in place for an additional 2 min after the infusion to allow for diffusion. For each experiment, a repeated measures design was used such that each rat received each dose in a randomized order, with at least two training sessions between testing days.
Experiment 2: examination of the functional role of IC-AcbC projections on alcohol-loading doses prior to alcohol self-administrationmCherry controls
To follow-up the findings from Experiment 1 implicating IC-AcbC projections in modulating alcohol self-administration following pretreatment with the alcohol loading doses, rats in this experiment served as mCherry-Controls. This experiment was important in order to examine potential nonspecific effects of the viral vector and CNO. Rats (n = 12) underwent the same self-administration training and surgical procedures as the rats in Experiment 1, but were infused with the mCherry-Control virus in the IC. The same alcohol and CNO testing protocol as in Experiment 1 was used.
Tissue preparation for viral vector and cannulae confirmation
Tissue collection, immunofluorescence and Nissl staining were similar as previously described in [15, 16, 22] . To obtain brain tissue, rats were deeply anesthetized with pentobarbital and perfused with 0.1 M PBS, followed by 4% paraformaldehyde, 4°C; pH = 7.4. The brains were removed from the skull and placed in the same fixative solution for approximately 24 h. Next, they were transferred to 30% (w/v) sucrose in a 0.1 m PBS solution, and subsequently sliced on a freezing microtome into 40 μm coronal sections. Tissue was then stored in cryoprotectant (−20°C) until immunohistochemistry (IHC) processing. The brain regions examined were the IC (AP: +2.8 to + 1.9 mm), and the AcbC (AP: +2.3 to + 1.3 mm) according to [29] . Free-floating coronal sections (40 μm) were incubated in rabbit anti-DSRed (1:2500; Clontech, CA) for 24 h at 4°C. Sections were then incubated at RT in fluorescent conjugated secondary antibody (1:200; goat anti-rabbit 594; Life Technologies, MA). hM4D-mCherry or mCherry-Control expression was confirmed by immunofluorescence (individual expression represented as 20% opacity [Figs. 1B and 2B ]) with a Nikon 80i Upright microscope (Nikon Instruments, NY). Cannulae placements were confirmed by Nissl staining (injector placements represented by circles in Figs. 1C and 2C). Only rats with accurate viral injections and cannulae placements were included in the analyses and data presentation.
Drugs
Alcohol [95 percent (w/v); Pharmco-AAPER, Shelbyville, KY, USA] was diluted in distilled water to 15% (v/v) for self-administration sessions. For loading dose injections, alcohol was diluted to 20% (v/v) with distilled water and administered via intragastric gavage (IG) with volume varied by rat weight to achieve the desired dose. For intracranial administration (NIDA Drug Supply Program), CNO was dissolved in aCSF. The CNO dose was chosen based on our previous work [15, 16, 27 ].
Data analysis
Alcohol intake during session (g/kg) was approximated based on body weight and number of reinforcements delivered. Total alcohol (g/ kg) was approximated based on self-administered alcohol intake + experimenter-administered loading dose. Three-way repeated measures analysis of variance (ANOVA) with CNO treatment, cumulative time, and loading dose as within-subject factors, was used to analyze cumulative alcohol responses. Two-way RM ANOVA was used to explore significant three-way interactions as detailed in the Results. Two-way repeated measures ANOVA with CNO dose and loading dose as within-subject factor, was used to analyze total session inactive lever responses, alcohol intake, and locomotor rate. Tukey post hoc analyses were used to explore significant main effects and interactions. Data are represented as means ± S.E.M. and significance was declared at p ≤ 0.05.
Results
3.1. Experiment 1: examination of the functional role of IC → AcbC projections on alcohol loading doses prior to alcohol self-administration hM4D-mCherry expression and bilateral AcbC injector placements (red circles) in the DREADD group are represented in Fig. 1A -C (n = 7). Three rats died prior to completion of testing and one rat had inefficient hM4D-DREADD infusions (i.e., no hM4D-mCherry expression), and are not included in analyses or in Fig. 1 .
The pattern of alcohol lever responses across the self-administration session is shown in Fig. 1D . A three-way RM ANOVA was used to analyze the data, however, for ease of presentation, cumulative alcohol lever responding for the intra-AcbC vehicle and intra-AcbC CNO treatment are shown separately. There was a significant main effect of There were reduced alcohol lever responses following the highest alcohol loading dose (1 g/kg) from 10 to 30 minutes, and following the 0.5 g/kg alcohol loading dose at 25-30 min relative to the water loading dose (p < 0.05). These results show that self-administration behavior is sensitive to the alcohol loading doses, consistent with previous work [12, 13] . For the CNO condition, there was a significant main effect of time [F(5,60) = 6.52, p < 0.001], and a significant interaction [F(10,60) = 2.35, p = 0.02]; however, post hoc analyses did not show significant differences relative to the water loading dose at any of the time points.
Based on our hypothesis that silencing the IC-AcbC projections would potentiate sensitivity to the alcohol loading dose, the three-way interaction was also explored by comparing the effects of intra-AcbC vehicle vs. CNO for each alcohol loading dose (separate two-way RM ANOVAs). Following the water loading dose, there was a significant CNO-induced reduction in cumulative alcohol lever responses . This result indicates that silencing IC-AcbC projections potentiates the reduction in self-administration following the 0.5 g/kg alcohol loading dose. Additionally, because the cumulative responses at the 30 min time point represent the total session alcohol responses, these data show that silencing IC-AcbC projections resulted in a significant decrease in total session alcohol lever responses (consistent with our previous work) and potentiated the reduction in alcohol self-administration following the 0.5 g/kg alcohol loading dose. Following the 1 g/kg alcohol loading dose there was a significant main effect of time [F(5,30) = 4.36, p = 0.004], but no main effect of CNO or interaction, indicating that silencing the IC-AcbC projections did not further potentiate the reduction in alcohol self-administration, likely due to a floor effect given the low rate of behavior.
Total locomotor activity during the self-administration sessions is illustrated in Fig. 1E . There was no effect of the alcohol loading doses or CNO on general locomotor activity or inactive lever responding (Table 1) . Total alcohol intake (g/kg) during the self-administration sessions is shown in Fig. 1F . The two-way RM ANOVA showed a significant main effect of alcohol loading dose [F(2,12) = 10.67, p < 0.002], and a significant main effect of CNO [F(1,12) = 8.22, p ≤ 0.03], indicating that alcohol intake decreased with loading dose and CNO treatment. There was no significant interaction. An important consideration is the approximate amount of total alcohol exposure which is illustrated in Fig. 1G (loading dose [shown in black] + selfadministered (amount self-administered during the session). Therefore, although alcohol intake is reduced following pretreatment with the alcohol loading doses, the approximate amount of total alcohol exposure is increased (two-way RM ANOVA: significant main effect of alcohol loading dose [F(2,12) = 27.46, p < 0.001], significant main effect of CNO [F(1,12) = 7.75, p ≤ 0.03]). There was no significant two-way interaction. However, based on our a priori hypothesis that silencing IC-AcbC projections would potentiate sensitivity to the alcohol loading dose, we compared intake and total alcohol exposure at each alcohol loading dose. There was a significant reduction in alcohol intake at the water and the 0.5 g/kg alcohol loading doses (p < 0.05), and a significant increase in total alcohol exposure following water and the 0.5 g/kg alcohol loading dose (p < 0.05). These data indicate that silencing IC-AcbC projections reduced alcohol intake and potentiated the effects of the 0.5 g/kg alcohol loading dose (p < 0.05), corresponding to the reductions in alcohol lever responding (Fig. 1D) . Together, these data show that 1) alcohol self-administration behavior is sensitive to alcohol pretreatment, 2) activity of IC-AcbC projections regulate, in part, alcohol self-administration, and 3) silencing IC-AcbC projections potentiates the effects of a 0.5 g/kg alcohol loading dose.
Experiment 2: examination of the functional role of IC-AcbC
projections on alcohol-loading doses prior to alcohol self-administrationmCherry controls mCherry expression and bilateral AcbC injector placements (blue circles) in the mCherry-Control group are represented in Fig. 2A -C (n = 8). One rat died prior to completion of testing and 3 rats had inaccurate placements or inefficient mCherry-Control infusions (i.e., no mCherry expression), and are not included in any analyses and not shown in Fig. 2 .
The pattern of alcohol lever responses across the self-administration session is shown in Fig. 2D Additionally, because the cumulative responses at the 30 min time point represent the total session alcohol responses, these data show that the 1 g/kg alcohol loading dose significantly reduced total session alcohol lever responses relative to the water loading dose. There were no other significant interactions, indicating that self-administration behavior was under the control of the alcohol loading dose and unaffected by CNO, demonstrating no off-target effect by CNO. Additionally, the two-way RM ANOVA showed no effects on locomotor activity (Fig. 2E) or inactive lever responding (Table 1) . Total alcohol intake (g/kg) during the session is shown in Fig. 2F . There was a main effect of alcohol loading dose [F(2,14) = 11.86, p ≤ 0.001], indicating decreased alcohol intake following pretreatment with the alcohol loading doses. There was no main effect of CNO treatment and no significant interaction. Similarly, there was a significant main effect of alcohol loading dose on total alcohol exposure (loading dose [shown in black] + selfadministered; g/kg; Fig. 2G; [F(2,14) = 64.66, p ≤ 0.001]), indicating that total alcohol exposure increased following pretreatment with the alcohol loading doses. There was no main effect of CNO or interaction. These data confirm decreased alcohol self-administration following pretreatment with alcohol loading doses, and importantly show that CNO had no behavioral effect in the mCherry-Control group.
Discussion
The present findings demonstrate that alcohol self-administration decreases following pre-session treatment with alcohol, confirming previous findings and demonstrating titration of alcohol drinking following a loading dose of alcohol [12, 13] . Through specific chemogenetic silencing of IC-AcbC projections, we demonstrate decreased alcohol self-administration, implicating a role for insular-striatal circuitry in modulating operant alcohol self-administration, consistent with previous work from our lab [16] . Additionally, we show that alcohol self-administration was reduced following the 0.5 g/kg loading dose and further reduced following silencing of IC-AcbC projections, suggesting possible enhanced sensitivity to the alcohol loading dose.
An important aspect of this study was to assess sensitivity to alcohol pretreatment (i.e., loading dose) on ongoing alcohol self-administration. Previous work from our lab has shown a decrease in alcohol selfadministration following an experimenter administered (1 g/kg) alcohol loading dose, but not a 0.3 g/kg alcohol loading dose [12] . Here we confirm and expand our findings by demonstrating a decrease in alcohol self-administration following a 0.5 and 1.0 (g/kg) loading dose of alcohol. Other studies utilizing similar moderate alcohol loading doses also demonstrate decreased alcohol intake under both experimenter-administered and self-administered loading conditions [13, 14, 34] , implicating the postingestive interoceptive effects of an alcohol loading dose, regardless of route of administration. Although a study has attributed a loading dose-induced decrease in self-administration to gastric distention [13] (albeit lower alcohol dose and higher volume), others have attributed the effects to reinforcer-specific pharmacological processes, as the effects are specific to alcohol loading doses and not sucrose or water [14, 34] . Additionally, utilizing sham ingestion (open gastric fistula) to minimize gastric absorption of alcohol, Rowland and Barnett [35] demonstrate acquisition of increased alcohol intake in rats, interpreted as an attempt to titrate consumption in the absence of the postingestive pharmacological effects of alcohol. Additionally, devaluation of alcohol reinforcement through the use of alcohol paired with lithium chloride to induce malaise, results in decreased alcohol consumption [36] . Together, these studies demonstrate that postingestive interoceptive effects and internal/interoceptive cues associated with alcohol directly contribute to ongoing alcohol intake.
To this end, given the importance of internal cues in regulating alcohol self-administration behavior, we hypothesized that silencing ICAcbC projections would increase sensitivity to the interoceptive effects of a loading dose of alcohol. This hypothesis was based on our previous findings showing that silencing IC-AcbC projections fully substitutes for the interoceptive effects of 1 g/kg alcohol and potentiates the effects of alcohol [15] . First, under "control" conditions (i.e., water loading dose), we found that silencing of IC-AcbC projections resulted in approximately a 50% decrease in self-administration, implicating a role of Data represent mean ± standard error of the mean.
A.A. Jaramillo et al. Behavioural Brain Research 348 (2018) [74] [75] [76] [77] [78] [79] [80] [81] this circuit in driving ongoing alcohol self-administration, consistent with our previous work [16] . Therefore, a possible explanation for the decrease in alcohol self-administration is that silencing these IC-AcbC projections produced interoceptive effects similar to an alcohol loading dose, subsequently resulting in decreased self-administration. Second, following the 0.5 g/kg loading dose, alcohol self-administration was reduced and further reduced following silencing of IC-AcbC projections. However, analysis of cumulative alcohol lever responses across the selfadministration session in the CNO group did not show a main effect of the alcohol loading dose (i.e., no difference between 0.5 g/kg and 0 g/ kg). Together, this suggests that silencing IC-AcbC projections may have increased sensitivity to the 0.5 g/kg dose, but this effect is not necessarily a potentiation of the loading dose as silencing IC-AcbC projections produced an overall robust suppression of alcohol self-administration. Lastly, silencing the IC-AcbC projections did not change the effects of 1 g/kg loading dose (likely because self-administration was already at a floor level following pretreatment). Importantly, while decreased self-administration following the alcohol loading doses was also observed in the mCherry-Control group, there was no effect of CNO in this group. This is important as CNO can convert to the anti-psychotic drug clozapine and lead to off target effects [37] [38] [39] [40] , that can influence alcohol intake [41] [42] [43] and produce its own interoceptive effects [44, 45] . Thus, the inclusion of the mCherryControl group confirms that the changes in behavior in the hM4D-DREADD group were due to chemogenetic silencing of the IC-AcbC circuit. An important consideration is that in the mCherry-Control group alcohol self-administration was slightly lower than the DREADD group. Consequently, it is possible that under conditions with a lower rate of behavior it is more difficult to observe a CNO-induced reduction in self-administration behavior, than under conditions with a higher rate of behavior. However, the fact that there were reductions in alcohol self-administration following the alcohol loading doses lessen this concern.
Together with the previous findings [15, 16] , this work implicates IC-AcbC projections as a site of action of alcohol, suggesting that alcohol may silence IC-AcbC activity to induce and potentiate the interoceptive effects of alcohol which in turn regulates alcohol self-administration/drinking. Interestingly, optogenetic silencing of IC to AcbC inputs has been shown to decrease foot-shock resistant alcohol selfadministration, but to have no effect on baseline self-administration (pre-shock) [46] . This latter outcome is in contrast to the present findings in which we observe a reduction in alcohol self-administration following chemogenetically silencing IC-AcbC projections. The discrepancy between the findings may be related to differences in neuronal manipulation (optogenetic vs. chemogenetic), and to the different alcohol drinking methods as that study used intermittent alcohol access prior to operant self-administration training vs. only operant self-administration in the present study [46] . This finding along with Parkes et al. [47] demonstrating a role for the IC-AcbC in outcome devaluation and our present findings, implicate a role of the insular-striatal projections in modulating alcohol intake in conditions under strong interoceptive control.
While the present study was focused on IC projections to the AcbC, future studies will be needed to investigate and characterize the AcbC cells recruited by the IC input. Given that dopamine antagonists in the AcbC decrease self-administration [48, 49] and D1 and D2 knockout mice show alterations in alcohol self-administration [50] it is possible that decreased IC input onto dopamine expressing AcbC cells may be mediating the present findings. Additionally, it will be important to further investigate other IC outgoing projections (e.g. IC projections to amygdala and mPFC), to confirm specificity of the findings to the ICAcbC, as an anatomical control was not included in this study. Additionally, although strategies were taken to localize chemogenetic manipulations to the IC, the potential for the functional contribution of neighboring regions needs to be considered. Lastly, previous work has shown that silencing IC-AcbC projections does not affect ongoing sucrose self-administration [16] , however, given that a sweetened alcohol reinforcer was used in this work, it will be interesting for future work to examine the consequences of alcohol pretreatment on self-administration of a non-alcohol reinforcer (e.g., sucrose).
Conclusion
Together these data demonstrate titration of alcohol self-administration relative to alcohol pretreatment, and a functional role for the ICAcbC circuit in modulating self-administration and sensitivity to the alcohol pretreatment. Given that silencing IC-AcbC projections enhances sensitivity to alcohol [15] , the present data suggest that the changes in self-administration may be related to enhanced sensitivity to the interoceptive effects of alcohol. These findings provide evidence for the critical nature of insular-striatal circuitry in modulating alcohol self-administration, and specifically in relation to interoceptive/internal cues that impact alcohol drinking. 
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